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REMOVAL OF SULFUR COMPOUNDS FROM
PENTANE

BACKGROUND OF THE INVENTION

Because of its low octane rating and, therefore, low
value as a motor fuel blending component, natural gaso-
line is advantageously fractionated into narrower boil-
ing cuts, which have specialized applications and are
often considerably more valuable than the natural gaso-
line feed. For instance, the pentane fraction or the sepa-
rated fractions of n-pentane and iso-pentane, are useful
as blowing agents in the preparation of foamed plastics.
One requirement of blowing agents are that they be
odor free and, therefore, desulfurization is required
when the natural gasoline feed contains odoriferous
sulfur compounds. Generally, such a desulfurization
includes a caustic wash of either the natural gasoline
feed or the pentane fraction(s) obtained by distillation of
the gasoline. This caustic wash removes the mercaptans
as is well known in the art. In the distillation to produce
the narrow pentane fraction dimethyl sulfide remains
with the pentane produced even after rectification be-
cause of the proximity of their respective boiling points
(dimethylsulfide: 37.5° C., n-pentane: 36.1° C.). A con-
venient method for removing dimethylsulfide from the
pentane product is by adsorption onto molecular sieves.
In most cases, the combined caustic wash treatment and
molecular sieve absorption will result in an odor-free
pentane product containing usually less than 1 ppm of
sulfur. '

However, in some cases there still remains a problem
with sulfur contamination of pentane fractions even
after rigorous distillations, caustic washings and molec-
ular sieve treatments which theoretically should be
sufficient to remove any organic sulfur compounds
boiling in the vicinity of the pentane boiling point.

It is therefore an object of this invention to provide a
process for the substantially complete desulfurization of
pentane.

THE INVENTION

In accordance with the present invention there is
provided a process for the desulfurization of pentane
which comprises contacting pentane in a first contact-
ing zone with molecular sieve adsorbent, contacting
pentane from said first zone with activated carbon in a
second contacting zone and recovering a substantially
sulfur-free pentane product from said second zone.

In experiments leading up to the present invention, it
was found unexpectedly that carbon disulfide was the
source of the problem with residual sulfur remaining in
the pentane after caustic wash and molecular sieve
treatment. This could not be anticipated since carbon
disulfide boils at 46° C. which is considerably above the
boiling points of 36° C. for n-pentane and 28° C. for
iso-pentane. This contaminant would not have been
expected to be present in the narrow-boiling pentane
cut obtained in the fractionation of natural gasoline. It
was also found in high reflux distillation experiments
that unexpectedly the carbon disulfide contaminant is a
“light-end” to pentane. Using a 70-tray column and a
120:1 reflux the carbon disulfide concentration in-
creased in the overhead and decreased in the bottoms,
giving a strong indication of the existence of an azeo-
trope of pentane and carbon disulfide.

The feed to the process of this invention is a pentane
which can be either n-pentane, isopentane or a mixture
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thereof, and it is provided substantially free of hydrogen
sulfide and mercaptans. Any methqd capable of remov-
ing such ‘sulfur contaminants may be used in treating
either the pentane fraction or the entire natural gasoline
stock from which the pentane fraction is derived. Pref-
erably, the method should be as simple as possible and in
most cases a conventional caustic wash employing a
5-15 wt % caustic solution is adequate in removing the
aforementioned sulfur contaminants from the hydrocar-
bon phase. The caustic treatment is usually followed by
one or more water washes.

The resulting pentane from the caustic wash typically
containing less than 5 ppm of residual hydrogen sulfide
and mercaptans is then treated with molecular sieve for
the removal of dimethylsulfide, which usually is the
main sulfur contaminant remaining after the caustic
wash. Any residual amounts of hydrogen sulfide and
mercaptans are removed in this treatment step which, in
addition, removes water remaining from previous wash-
ing steps. The adsorption can be carried out in batch-
wise fashion by agitating the pentane and molecular
sieve and then filtering the mixture to remove the mo-
lecular sieve. Preferably, however, the adsorption is
carried out in a continuous fashion feeding the pentane
to one end of one or more serially connected stationary
packed beds of the molecular sieve material.

The molecular sieve should be selected from any of
those known to perform well in sweetening of light
hydrocarbon liquids. These materials are well known
and commercially available in various forms, e.g., as
powders, pellets and granuales.

The liquid hourly space velocity LHSV is usnally
maintained in a range from about 0.5 to about 8§ volumes
of pentane per hour per volume of molecular sieve bed.
Ambient temperatures are used in the process step and
sufficient pressures to ensure that the pentane is main-
tained in liquid phase during treatment.

The intermediate product removed from the outlet of
the molecular sieve treatment zone is subsequently
passed to a second treatment zone where it is contacted
with activated carbon for removal of carbon disulfide
by adsorption. The contacting can be carries out baich-
wise or in continuous fashion similar to the procedures
discussed previously in connection with the molecular
sieve contacting. Again, the activated carbon contact-
ing is preferably conducted in a continuous fashion
feeding the pentane to one end of one or more serially
connected stationary beds of activated carbon, each of
at least about 5 feet length.

The activated carbon can be selected from any of
those manufactured for liquid phase applications, e.g.,
activated carbon made from lignite, coal, bones, wood,
peat or papermill waste. It can be used either as pow-
ders, granules or pellets.

The pentane liquid hour space velocity LHSV is
usually maintained between about 0.5 and 8 vol. pentane
per vol. of adsorbent per hour but lower and higher
space velocities may also be used. Other operating con-
ditions such as temperature and pressure are generally
in the same range as those employed in the molecular
sieve contacting zone.

Regeneration of the molecular sieve bed is carried
out periodically or when the adsorption capacity of the
molecular sieve has been nearly exhausted. Such regen-
erations usually involve draining the pentane from the
bed, which is then purged with an inert gas such as
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nitrogen at atmospheric or elevated pressures and at
elevated temperatures for several hours.

The procedure employed for the regeneration of used
activated carbon is similar to the molecular sieve regen-
eration procedure and need not be discussed in any
further detail.

In large scale continuous operations it is preferable to
utilize two or more columns for each adsorbent oper-
ated in parallel such that adsorption and regeneration
can be carried out simultaneously without disturbing
the continuity of the operation.

In order to provide a better understanding of the
invention reference is made to the following examples:

EXAMPLES 1-6

Pentane desulfurization experiments were conducted
in a unit which essentially consisted of two serially
connected packed beds, each contained in a 59" X 13"
Schedule 40 stainless steel pipe. The molecular sieve bed
was packed by pouring in 4" of glass beads followed by
5’ of type 13 X molecular sieve granules obtained from
Union Carbide. The rest of the space (5'") was packed
with glass beads. The charcoal bed was packed by pour-
ing in 5" of glass beads followed by 5’ of 8X30 mesh
bituminous coal charcoal (surface area about 1000 sq.
m./g) obtained from Calgon. The rest of the space (4"
was packed with glass beads. The beads used were 5
mm in diameter. Both beds had stainless-steel screens on
the ends to hold the packing down. Each of the beds
were equipped with heaters for use during regenera-
tion/activation of the adsorbents.

Liquid pentane feed, about 50% normal and 50%
iso-pentane, was pumped at ambient temperature, and at
a desired flow rate from a feed tank upwards through
the molecular sieve bed to remove dimethylsulfide, then
upwards through the charcoal bed to remove carbon
disulfide and product was collected from said last bed.
Breakthrough of sulfur contaminants (i.e., a contami-
nant concentration of 1 ppm or more) was monitored by
sampling the products from both beds every half hour.
The flow of pentane was discontinued when break-
through of dimethylsulfide or carbon disulfide occurred
in the charcoal bed and the beds were then regenerated.
After draining pentane from the bed and flow lines the
beds were separately dried by purging with nitrogen at
ambient temperatures. After blocking off the connec-
tion between the beds, the adsorbents were separately
regenerated by first gradually heating to an inlet tem-
perature of about 600° F. and an outlet temperature of
about 490° F., while passing 144 SCFH of atmospheric
nitrogen through each bed, and when the outlet reached
about 490° F. the system was switched to nitrogen at
140 psi which was passed at a rate of 90 SCFH for 5
hours through the molecular sieve bed, while the condi-
tions employed in the charcoal bed were respectively
455 SCFH for 3 hours. Heating of the beds were discon-
tinued and atmospheric nitrogen was used to cool the
beds, now ready for another treatment cycle.

The feed to each experiment contained varying
amounts of sulfur contaminants as indicated in Table 1.
In most cases, the feed had been spiked with dimethyl-
sulfide and carbon disulfide to obtain the indicated con-
centrations. In Experiment 2, the carbon disulfide was
actually added in amount more than 100 times normally
found in untreated pentane fractions from distillations
of natural gasoline. Table 1 also tabulates other perti-
nent data from the experimentation. The results show
that it is possible and feasible to remove sulfur contami-
nants from commercially distilled pentane to less than 1
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ppm. The capacity for dimethylsulfide is in the range of
21-35 mg per cc of bed for 350-3000 ppm in pentane
feed and the capacity for carbon disulfide is in the range
of 0.10-0.24 mg per cc of bed for 11-35 ppm, in pentane
feed.

It is to be understood that many modifications and
alterations can be made to the process of this invention
without departing from its scope, which is defined by
the specification and appended claims.

TABLE 1
Experiment No. 1 2 3 4 5 6
Feed
Sulfur analysis:
Dimethyl Suifide - ppm 350 400 1400 2800 3000 2300
Carbon disulfide - ppm — 1569 12 11 31 35
Others - ppm 0.7 — — —_ —_ —_
Flow Rate - cc/min 60 100 30 30 30 30
LHSYV in each bed 18 30 09 0% 09 09
Breakthrough (a)
Kg of pentane treated
Dimethyl Sulfide:
Mole Sieve (b) 118 109 33 253 225 —
Total (c) 130 118 367 275 284 —
Carbon disulfide (d) — 47 166 166 154 718
Mg of sulfur compound
adsorbed per cc of bed:
Dimethyl Sulfide (e} 207 217 232 355 337 —
Carbon disulfide (f) — 3.7 0.100 0.091 0.238 0.136

(a) Breakthrough of a contaminant occurs when 1 ppm or more shows up in product
(b) Kg of product from charcoal bed at breakthrough of dimethyl sulfide in mole
sieve bed

(c) Kg of product from charcoal bed at breakthrough of dimethyl sulfide in chrcoal
bed

(d) Kg of product from charcoal bed at breakthrough of carbon disulfide in charcoal
bed

{e) Mole sieve bed

{f) Charcoal bed

What is claimed is:

1. A process for the removal of carbon disulfide and
other sulfur contaminants from pentane which com-
prises:

contacting pentane in a first contacting zone with an

adsorbent consisting essentially of molecular sieve;
contacting pentane from said first zone in a second
contacting zone with an adsorbent consisting es-
sentially of activated carbon, and recovering pen-
tane product substantially free of carbon disulfide
and other sulfur contaminants from said second
zone.

2. The process of claim 1 wherein the first contacting
zone comprises a stationary packed bed of molecular
sieve adsorbent.

3. The process of claim 1 wherein the second contact-
ing zone comprises a stationary packed bed of activated
carbon.

4. The process of claim 1 wherein the recovered
pentane product contains no more than 1 ppm of carbon
disulfide and other sulfur contaminants.

5. The process of claim 1 wherein the pentane has
been subjected to a caustic wash prior to contacting
with molecular sieve adsorbent.

6. The process of claim 1, wherein the pressure in
each of said first and second contacting zones is suffi-
cient to maintain the pentane in liquid phase.

7. The process of claim 2, wherein the pentane liquid
hourly space velocity in the first contacting zone is
between about 0.5 and about 0.8 vol/vol/hr.

8. The process of claim 3 wherein the pentane liquid
hourly space velocity in the second contacting zone is

between about 0.5 and about 8 vol/vol/hr.
* * L * *



